examines the rates of return to schooling. The Mincer-type rate of return to investment in schooling was estimated. The rates of return to schooling for work experience are significantly positive, but at a decreasing rate. Region of residence and variation in gross provincial product per capita are significant factors in determining the private rate of return. The rates of return to schooling by type of industry reveal higher earnings in mining, utilities, construction, manufacturing, and services than in agriculture. The private and social returns on vocational secondary education attainment are greater than on general secondary education. Finally, the private returns on university attainment for women exceed men by about 1.5 percentage points.
I. Introduction
This paper addresses the rate of return to formal education in Thailand. Human capital investment is essential to turn technical change and physical capital investment into productivity gains (Schultz 1975 , Rosenzweig 1995 , McMahon 1999 . Progress in the Thai economy has shifted from agriculture to manufacturing and services (Krongkaew 1995; Krongkaew, Chamnivickorn, and Nitithanprapas 2006) . In 1960, 82.3% of the Thai population was engaged in agriculture, while only 17.7% were engaged in nonagriculture activities in the manufacturing and services sector. In contrast, more than 50% of the labor force has been employed outside agriculture since 2000 (Table 1, Figure 1 ). Economic growth and restructuring have fundamentally changed the Thai labor force. The increasing demand for labor in the manufacturing and services sectors will require workers to gain more human capital. Workers need to apply knowledge and specific skills to perform tasks in nonagriculture sectors. Several studies have been done on the returns to education in Thailand. Amornthum and Chalamwong (2001) find that every additional year of education after the upper primary level leads to an increase in earnings, with males usually receiving higher returns than females. Hawley (2004) finds that completing an additional year of schooling provides an additional 11%-12% of monthly log earnings for both men and women. The impact of an additional year of schooling for urban residents is higher than for rural residents (Warunsiri and McNown 2010, Hawley 2004 ). Hawley (2003) and Moenjak and Worswick (2003) find that vocational secondary education provides higher earnings returns than general secondary education. Mehta et al. (2013) reveal that high-skilled services helped to lift college returns moderately in Thailand. Furthermore, Mehta et al. (2011) find little evidence of overeducation in unskilled jobs in Thailand. There is still limited evidence to answer the following questions: If students decide not to continue to higher education, which option between vocational education or general education will give higher private and social returns? And, if students decide to continue higher education, what are the private and social returns on a university degree? This study's objective is to investigate the rates of return to schooling in Thailand based on a Mincerian earnings function. The empirical results suggest that schooling has a positive and significant impact on private and social returns to schooling. Secondary vocational education gives much higher private and social returns to schooling than secondary general education. However, after secondary education, evidence shows that completing higher education (e.g., bachelor's degree) gives private returns of 37.2% and social returns of 21.3%. These findings call into question the belief that aggregate demand for the college-educated increases rapidly. 
Level of Education Description
Pre-elementary • A 2-or 3-year course in public or private pre-elementary school • Aims to nurture and prepare physical, mental, intellectual, and emotional skills of students for their elementary education Elementary
• Grades 1-6
• Emphasizes basic literacy, numerical skills, and the cultivation of desirable behavior Lower secondary
• Grades 7-9
• Allows students to explore their needs, areas of interests, and aptitudes; enables them to meet the demands of appropriate careers Upper secondary
• Grades 10-12
• Aims to prepare students to meet labor market needs and promote their entrepreneurial skills through vocational and technical colleges for students with such skills, or academic colleges offering a general education Diploma
• 1-4 years of study for students who have completed upper-secondary education • Aims to develop learners' knowledge and vocational skills at the semiskilled level, and enable them to initiate entrepreneurial activities Undergraduate
• A 4-year course with some exceptions (e.g., architecture and medical science require 5-6 years of study; students who have received a diploma and passed an entrance examination can take a 2-year course to pursue at higher technological and educational institutions) • Aims to develop students' abilities to apply theories toward the country's development and capacity to meet international challenges Graduate
• 1-3 years of study at the graduate diploma, master's degree, or doctoral degree levels • stimulates specialization and bringing theories into practice; focuses on the learners' perspective in looking at the world and improving the country's international competitiveness Source: Government of Thailand, Ministry of Education. http://www.moe.go.th/moe.html
The paper is organized as follows. Section II discusses Thailand's educational system, policies, and planning. Section III gives an overview of the data. Section IV describes the empirical strategy. Section V discusses empirical results. Section VI highlights the policy implications and concludes.
II. Background on Thailand's Education System, Policies, and Planning

A. Thailand's Education System
Formal education in Thailand-which is based on the National Education Act, 1999 Act, (revised 2002 and the Compulsory Education Act, 2002-is divided into two levels: basic and higher education. Basic education includes pre-elementary, elementary, and secondary levels. Higher education, or postsecondary education, includes diploma and degree levels. Table 2 presents goals and a description for each level of education. The pre-elementary level is a 2-or 3-year course that aims to develop physical, mental, intellectual, and emotional skills among students. The elementary level is a 6-year course emphasizing basic literacy and numerical skills, and cultivating desirable behavior. The lower-secondary level is a 3-year course allowing students to explore their needs and areas of interest, and enabling them to meet the demands of appropriate careers. The upper-secondary level is a 3-year course, comprising either vocational or general education, aiming to prepare students for the labor market. Mandatory schooling includes the pre-elementary level to the upper-secondary level. Higher education includes diploma, undergraduate, and graduate programs. A diploma program is 1-4 years of study aiming to develop knowledge and vocational skills (semiskilled level), and enable students to initiate entrepreneurial activities. An undergraduate degree offers 4-6 years of study aiming to develop students' abilities by encouraging them to apply theories in practice toward the country's development. A graduate degree offers 1-3 years of study focusing on learners' broader perspectives of the world in order to improve the country's international competitiveness. Table 3 shows the number of students enrolling in each level of education in [2007] [2008] [2009] . The number of students enrolling increases at the upper-secondary general level, mainly resulting from the government's 15-Year Free Education with Quality Policy launched in 2009. The number of students enrolling in higher education, including undergraduate degrees and higher vocational certificate programs, also increases due to the availability of student loan program and access to private universities.
B. Thailand's Education Policies and Planning
Thailand's education reform started in 1999. The National Education Act, 1999 was implemented during the first phase of education reform, which mandated children aged 7 years old to enroll in primary and secondary education until they turn 16 years old or complete Grade 9. In 2009, implementation of the 15-Year Free Education with Quality Policy was initiated to lessen the financial burden of parents as well as to stimulate the economy. Students are provided with education from kindergarten through Grade 12, including general and vocational education. The policy covers tuition fees and expenses for books, utensils, uniforms, school equipment, and extracurricular activities. The second phase of education reform was implemented between 2010 and 2012. The investment plans under the second stimulus package of education included 11 projects: (i) teacher quality improvement, (ii) education support, (iii) modernized vocational education, (iv) transformation of Thailand into an education hub in Southeast Asia, (v) investment in education and general sciences and mathematics, (vi) school improvement, (vii) boosting moral and "Thai-ness" for the sustainable development of Thai children, (viii) school quality standardization, (ix) promotion of university research and national research universities, (x) education reform, and (xi) capacity building of internal sectors of the Ministry of Education.
III. Data and Sample
This study is based on 2007-2010 data from Thailand's National Labor Force Survey conducted by the National Statistical Office. The sample is drawn randomly from different households throughout the country. Each year of the survey consists of four quarterly sets of data: (i) January-March (dry or nonagricultural season), (ii) April-June (the period in which a large group of new workers enter the labor force after graduation), (iii) July-September (rainy and agricultural season), and (iv) October-December. The measure of education collected in the data relates to the level of education the respondent has completed. Because of the focus on private returns to education in this paper, only individuals who studied in the general or vocational education system and reported their monthly salary are included in the analysis. Those who are in religious schools are excluded. The analysis is limited to individuals aged 16-60 years at the time of the survey. The sample is further restricted to individuals who work as employees in either the government, a state enterprise, or a private sector business; individuals classified as employers or selfemployed, or those whose work is restricted to household work were excluded. The data includes information gathered from Variable names, means, and standard deviations are summarized in Table 4 . The dependent variable for the estimation is the log of monthly earnings. Monthly earnings are the summation of monthly salary, average monthly bonus, and additional earnings each month. The explanatory variables include geographic region, gross provincial product (GPP) per capita, gender, marital status, education level, type of occupation, type of industry, and years of experience. Geographic region is generated as a dummy variable and classified into four groups: (i) Bangkok, (ii) north, (iii) northeast, and (iv) south. There are 76 provinces in Thailand and each province is divided into municipal and nonmunicipal areas. An area of residence dummy variable is equal to 1 for a municipal area and 0 for a nonmunicipal area. GPP per capita is included to account for economic variation among provinces. GPP is defined as the sum of what accrues to the various factors of production present in a given economy for their part in the productive process that leads to the final market value of a good or service. A dummy variable has been introduced for the gender of the respondent and is equal to 1 for a male and equal to 0 otherwise. A marital status variable was included in anticipation that married individuals were more motivated, worked harder, and earned higher incomes (Byron and Manaloto 1990) . Marital status is generated as a dummy variable and classified into two groups: (i) married; and (ii) divorced, widowed, or separated. Education level is generated as a dummy variable and classified into eight groups: (i) primary education, (ii) lower general secondary education, (iii) upper general secondary education, (iv) vocational certificate, (v) higher vocational certificate, (vi) diploma, (vii) bachelor's degree, and (viii) higher than bachelor's degree. Type of occupation is used to capture the work characteristics' effect and is generated as a dummy variable and classified into nine groups: (i) legislators, senior officials, and managers; (ii) professionals; (iii) technicians and associated professionals; (iv) clerks; (v) service workers and shops and market sales workers; (vi) skilled agricultural and fishery workers; (vii) craft and related trades workers; (viii) plant and machine operators and assemblers; and (ix) elementary occupations. Type of industry is generated as a dummy variable and classified into eight industries according to the definitions of Mehta et al. (2013) and shown in Table 5 . These include (i) agriculture, (ii) mining, (iii) utilities, (iv) construction, (v) low-skill manufacturing, (vi) high-skill manufacturing, (vii) low-skill services, and (viii) high-skill services. Sector of work is generated as a dummy variable and classified into three sectors: (i) public, (ii) state enterprise, and (iii) private. Actual years of experience of current and previous jobs are not reported. The potential years of experience variable is generated as a proxy and defined as the age reported at the time of the survey minus the age at time of leaving school minus 6 years. Thus, potential years of working experience is calculated by the following equation:
years of working experience = age reported at the time of survey − age at time of leaving school − 6 years Experience squared is included in the model to reflect that the life cycle of earnings is not a linear pattern of growth (Mincer 1974) .
IV. Empirical Strategy and Methodology
The ordinary least squares method was used to describe factors associated with the returns to schooling. The following regression allows an estimate to be An extended earnings function which replaces Year of schooling i with levels of schooling and individual characteristics is shown in equation (2):
where ln W i is the log of monthly earnings of individual i, X i represents a vector of background characteristics of individuals and control variables, S i is a vector of completion of education attainment level of individual i, E i is a potential year of working experience of individual i, E 2 i is a potential year of working experience squared, and u i is the random disturbance term. Experience is included to adjust the education coefficients for the impact of work experience in the labor market (Griliches 1977) . All regression models are fitted by methods that generate White's standard errors, which account for potential failures of the assumption of residual heteroscedasticity. Sampling weights are included in the estimation of all models.
The internal rate of return of education is estimated in terms of both private and social rate of returns. The private rate of return is used to describe the demand for education and assess the equity effects of public education expenditures (Psacharopoulos 1994 (Psacharopoulos , 1995 . On the other hand, the social rate of return reviews the costs and benefits of the education investment from the government's viewpoint (Psacharopoulos 1994 (Psacharopoulos , 1995 . Psacharopoulos (1995) states that a key assumption in a social rate of return calculation is that observed wages are a good proxy for the marginal product of labor, especially in a competitive economy using data from the private sector of the economy. The first method to compute the private rate of return to an investment in a given level of education is finding the rate of discount (r) that equalizes the stream of discounted benefits to the stream of costs at a given point in time as shown in equation (3): where W U − W s is the earnings differential between a university graduate (subscript U ) and a secondary general school graduate (subscript s, the control group), C U represents the direct costs of university education (e.g., tuition, fees, books), and W s denotes the student's foregone earnings or indirect costs (Psacharopoulos 1995) . Figure 2 illustrates the stylized age-earning profiles between university graduates and secondary school leavers. Psacharopoulos (1995) stated that the main computation difference between private and social rates of return is that, for a social rate of return calculation, the costs include the government's large spending on education such as professorial salaries and the rental of buildings. The second method is the shortcut method to approximate the private returns to education based on Psacharopoulos (1995) :
whereW refers to the mean earnings of an individual with the subscripted education level,W U is the mean earnings of an individual with a university education,W s is the mean earnings of an individual with a general secondary education, and 4 years is the length of the university cycle. The social rate of return in this case is shown in equation (5):
where C U is the annual direct cost of university education. Table 6 gives means of the regression coefficient on years of schooling in a semilog earnings function from equation (1). These figures are interpreted as private returns to the typical year of education. The private returns on average are 13.8%, 13.4%, 14.2%, and 12.6% in 2007, 2008, 2009, and 2010 , respectively. The rates of return to schooling for work experience were significantly positive, but at a decreasing rate. Table 7 gives means of the regression coefficient on levels of schooling in a semilog earnings function from equation (2) without control variables. An extended earnings function method (Psacharopoulos 1995 ) is fitted in the data set, where the educational variable enters as a set of education dummy variables, the set of rates of return to investment in the different levels of education reported in Table 8 . The rate of return to investment in primary education in 2010 is only 1.8%. The rate of return to investment in secondary vocational education is higher than secondary general education. The rate of return to investment in a bachelor's degree in 2010 remained high at 20.8%.
V. Empirical Results
The full estimated earnings regression functions from equation (2) are shown in Table 9 . Earnings functions are estimated by regressing the log of monthly earnings on a vector of education dummies, regional residence, area of residence, GPP per capita, gender, marital status, type of occupation, type of industry, work experience, and work experience squared. In order to capture differences in rates of pay across regions, the model included region of residence and area of residence. Individuals in Bangkok earn on average about 2% more than individuals in the central region. Residents in the northern and northeastern regions earn on average about 10% less than residents in the central region. Per capita household income generally grew faster in the capital city and much more gradually in the northern and northeastern region between the late 1980s and the early 1990s, according to Thailand's Household Socio-Economic Surveys conducted by the National Statistical Office (Krongkaew 1993, Krongkaew and Kakwani 2003) . Residents in municipal areas earn about 8% more than residents living in nonmunicipal areas. GPP per capita is included to account for economic variation among provinces. GPP is defined as the sum of what accrues to the various factors of production present in a given economy for their part in the productive process that leads to the final market value of a good or service. In 2010, an increase in log GPP per capita by 10% on average would increase monthly earnings by 1.5%. In addition, these findings show that men on average receive significantly higher monthly earnings than women. In contrast, Warunsiri and McNown (2010) find that, using the pseudo-panel approach on Thailand's National Labor Force Surveys from 1986 through 2005, females have higher returns than males. Nakavachara (2010) shows that higher levels of education among females did not result in them earning more than males in Thailand. Married workers on average earned about 7% more than single workers in 2009 and 2010. The differences in monthly earnings for workers with divorced, widowed, or separated marital status were not statistically significant.
The rates of return to schooling for work experience were significantly positive, but at a decreasing rate. The Mincer-type earnings function shows that if students decide not to continue to higher education then vocational education attainment will return higher earnings than general education attainment. The sample is restricted to individuals who work as employees in either the government, private sector businesses, or state enterprises, excluding individuals classified as employers or self-employed, or individuals whose work is restricted to household work. The private sector is the base category for sector of occupation variables. Individuals who work as employees in the public sector on average earned 13% more than private sector employees in 2010. Individuals who worked as employees in state enterprises on average earned 40.2% more than private sector employees in 2010.
The rates of return to schooling for all types of occupations are significant. The rates of return to schooling for all types of industry are significant. The agriculture industry is the omitted category for type of industry variables. Examples from the agriculture industry include agriculture, fishery, hunting, and forestry. Workers in the mining industry had higher earnings on average of about 50% than agriculture industry workers in 2010. Workers in the utilities industry had higher earnings on average of about 33% than agriculture industry workers in 2010. Workers in the construction industry had higher earnings on average of about 27% than agriculture industry workers in 2010. Individuals with work in lowskill manufacturing had higher earnings on average of about 28% than agriculture industry workers in 2010. Individuals with work in high-skill manufacturing had higher earnings on average of about 37% than agriculture industry workers in 2010. Individuals with work in low-skill services had higher earnings on average of about 33% than agriculture industry workers in 2010. Individuals with work in highskill services had higher earnings on average of about 28% than agriculture industry workers in 2010. Workers in all types of industries received higher monthly earnings when compared with those in the agriculture industry. However, the gap between average monthly earnings in these particular industries and the agriculture industry tended to narrow between 2007 and 2010. The mean earnings and annual direct cost by level of education irrespective of age are illustrated in Table 10 . The annual direct cost for public schools by level of education is taken from the National Education Account of Thailand. On the basis of information provided in Tables 10, A.1, and A.2, it is possible to estimate private and social returns to different levels of education based on equation (3) as shown in Table  11 . The availability on earnings profile is only for individuals aged 16-60 years old. Due to the data limitation, the missing earnings information for individuals with no education and primary education aged 15 years or below will be replaced with the average earnings at 16 years old. Psacharopoulos (1994) and Psacharopoulos and Patrinos (2004) state that the difference between the private and social rates of return reflects the degree of public subsidization of education. The social returns on primary education are approximately 3.4%. The social returns on general secondary education are approximately 5.7%. The social returns on vocational secondary education are approximately 8%. Unlike the previous studies (Psacharopoulos 1994, Psacharopoulos and Patrinos 2004) , both private and social returns on vocational secondary education are more than on general secondary education. This may be due to the data availability on the average annual direct cost for vocational secondary education. The average annual direct cost for vocational secondary education is the average cost from eight fields including industrial, commerce, agriculture, applied arts, home economics, textile, tourism industry, and information and communications technology. The social returns on university education are 11.3%. Among the four main levels of education, university education exhibits the highest social profitability in Thailand. Using only the information provided in Table 10 , it is possible to estimate private and social returns to different levels of education using the shortcut method of Psacharopoulos (1995) as shown in equations (4) and (5). This gives the results shown in Table 12 . Psacharopoulos (1995) mentions that the weakness of the shortcut method lays in the abstraction that age-earnings profiles are concave, and that the discounting process is sensitive to the values of the early-working ages entering the calculation.
The mean earnings and direct cost by level of education and gender irrespective of age are shown in Table 13 . The mean annual earnings for women are less than men at all education levels. The shortcut estimates of the returns to education are shown in Table 14 . The private and social returns on secondary general education and secondary vocational education are dissimilar between women and men. Women receive lower private and social returns than men. The difference in private and social returns is not greater than 1 percentage point. However, the private returns on a university education for women exceed men by about 1.5 percentage points. Psacharopoulos (1995) suggested that the additional private returns to women may be an underestimation because the rate of return to investment in women's education does not take into account the increased probability of more educated women participating in the labor force. Figure 3 displays the average monthly earnings for secondary vocational education attainment and secondary general education attainment. Suppose an individual made the decision to end his or her education investment after the completion of a secondary education. This graph gives a comparison of the payoff between vocational-technical and general education. The sample is restricted to individuals who complete secondary education as their highest education attainment. The highest attainment of secondary general education is the omitted category for the level of education variable. The average monthly earnings for the secondary vocational education attainment are higher than the secondary general education from the age profile of 16-60 years old. The descriptive statistics confirm that secondary vocational education attainment gives a higher private rate of return than secondary general education. These findings support the research conducted by Hawley using data from earlier years of Thailand's National Labor Force Survey (Hawley 2003 (Hawley , 2004 Moenjak and Worswick 2003) . Figure 4 displays the average monthly earnings for attainment of a general diploma, higher vocational-technical education, bachelor's degree, and master's or higher degree. Suppose that an individual made the decision to continue on to higher education after completion of the secondary education level. Figure 4 gives a comparison of the payoff between a general diploma, higher vocational-technical certificate, bachelor's degree, and master's or higher degree. The sample is restricted to individuals who have received either a general diploma, higher vocational-technical certificate, bachelor's degree, or master's or higher degree as their highest level of educational attainment. This graph shows that the average monthly earnings for bachelor's degree attainment are higher than for vocational-technical education attainment for 18-60 year olds. Based on both regression analysis and descriptive statistics, these findings show that bachelor's degree attainment gives a higher private rate of return than either a general diploma or higher vocational-technical education attainment. These findings call into question the belief that aggregate demand for the college-educated increases more rapidly than demand for those with higher vocational-technical education or a general diploma. In addition, the average monthly earnings for master's degree and higher are the highest compared with other degrees.
VI. Policy Implications and Conclusions
Human capital investment is an essential tool to promote labor productivity amid the transformation of the Thai economy from agriculture to manufacturing and Students covered by the program range from kindergarten to Grade 12 and include both general and vocational education students. This policy promotes accessibility to basic education for everyone.
The empirical results of this study suggest that years of schooling has a positive and significant impact on returns to schooling. Comparing between vocational secondary education and general secondary education, the Mincer-type earnings function shows that if students decide not to continue to higher education then vocational education attainment will give higher earnings than general education attainment. These results are comparable to those of Hawley (2003) and Moenjak and Worswick (2003) who used data from earlier years of the National Labor Force Survey. With regard to the private and social returns to different levels of education, using the shortcut method of Psacharopoulos (1995) shows that secondary vocational education attainment is about 8.1 percentage points higher on private returns and 4.7 percentage points higher on social returns than secondary general education. The rates of return to schooling outcomes and the high demand for semiskilled labor in Thailand provide strong incentives to the Ministry of Education and Ministry of Labor to develop medium-to long-term strategic plans.
Regarding the private and social returns to different levels of higher education, using the full discounting method of Psacharopoulos (1995) show that private and social returns on a bachelor's degree are 46.2% and 11.3%, respectively. A bachelor's degree gives the highest private and social returns among all education levels. The results are somewhat different than for developing economies in the 1990s when primary education gave the highest private and social returns (Psacharopoulos 1994, Psacharopoulos and Patrinos 2004) . Growth in private higher education is expected to change the rates of return because the annual direct cost per private school is generally higher. The private and social rates of return for higher education are expected to decline.
The mean annual earnings for women are less than for men at all education levels. The private and social returns on primary, secondary general education, and secondary vocational education are dissimilar between women and men. Women receive lower private and social returns than men. However, the private returns on university for women exceed those for men. Psacharopoulos (1995) suggested that the additional private returns for women may be an underestimation because the rate of return to investment in women's education does not take into account the increased probability of more educated women participating in the labor force. 
